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(54) Improved radial strength stent 

(57) With the foregoing in mind, the stent as de- 
scribed in this invention comprises a plurality ot expand- 
able cells. The cells are arranged circumferentially 
about the stent so that the stent in an unexpanded con- 
dition has a generally cylindrical construction and the 
expandable cells contain at least one metal bridge and 
at least one other circumferential arrangement of cells, 



and the bridge is initially arranged in a folded condition 
in the stent. When the cells expand, the bridge length- 
ens to a generally straight configuration. This straight 
configuration forms an arc of a circle about the cylindri- 
cal expandable stent. Ideally, there are multiple bridge 
connections made so that the stent has a full circumfer- 
ential solid cross section along at least a portion of the 
cylindrical device. 
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Description 

FIELD OF THE INVENTION: 

Generally this invention relates to stents for place- $ 
ment within lumens of the body. More specifically, this 
invention relates to providing strengthened stents for 
placement within blood vessels. 

BACKGROUND OF THE INVENTION: 10 

The use of stents and materials for stents has 
gained popularity with the success of the Palmaz and 
Palmaz-Schatz stents marketed by Johnson & Johnson 
Interventional Systems, Warren, New Jersey. These is 
stents are generally radially expandable cells and are 
well described in U.S. Patent No. 4,733,655 to Palmaz 
incorporated herein by reference and the progeny of 
patents following the seminal Palmaz patent. Essential- 
ly, the stent comprises a material which is balloon ex- 20 
pandable beyond its elastic limit. Generally these stents 
are formed from metal. This stent, when expanded be- 
yond this elastic limit, maintains its position within the 
lumen of the body. The stent is able to hold open the 
lumen while maintaining its diameter beyond the elastic 2s 
limit. This helps to enable passage of material through 
the lumen, most notably the flow of blood through the 
arteries, especially the coronary arteries. 

It has been noted that in some instances one may 
desire to limit the amount of expansion of a balloon ex- 30 
pandable stent. This may be (for instance) in situations 
where the lumen is of a known size and it is desired to 
have the stent be no more than the known size. While 
the manufacturer can certainly devise stents with the 
limitations of the known lumen in mind, in some instanc- 35 
es it may be desirable to nevertheless limit the size of 
the stent so that the user can effectively choose a final 
diameter of the stent. 

In addition, it has been found that it may be desira- 
ble to enhance circular or "hoop" strength while main- 
taining the stent beyond the elastic limit of the metal sur- 
face of the stent. This increased hoop strength may be 
useful in lumens where there are relatively high forces 
acting around the circumference of the stent. This may 
occur for instance in the arteries of the body. 

With the foregoing in mind, the stent as described 
in this invention comprises a plurality of expandable 
cells. The cells are arranged circumf erentially about the 
stent so that the stent in an unexpanded condition has 
a generally cylindrical construction and the expandable so 
cells contain at least one metal bridge and at least one 
other circumferential arrangement of cells, and the 
bridge is initially arranged in a folded condition in the 
stent. When the cells expand, the bridge lengthens to a 
generally straight configuration. This straight configura- ss 
tion forms an arc of a circle about the cylindrical expand- 
able stent. Ideally, there are multiple bridge connections 
made so that the stent has a full circumferential solid 
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cross section along at least a portion of the cylindrical 
device. 

The foregoing will be better understood in connec- 
tion with drawings relating to the present invention. 

DESCRIPTION OF THE DRAWINGS: 

Figures 1 , 2 and 3 are drawings of a prior art stent 
where Figure 1 is a view of one cell, Figure 2 is a 
view of expanded cells, and Figure 3 is a perspec- 
tive view of the cells arranged around the stent; 

Figures 4, 5 and 6 are analogous drawings of a stent 
containing the improved invention; and 

Figures 7 and 8 are drawings of a second potential 
embodiment of the stent of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION: 

As seen in Figures 1 , 2 and 3, a typical metallic bal- 
loon expandable stent 10 contains a number of expand- 
able cells 20. These cells 20 are arranged circumferen- 
tially around the cylindrical stent 10. When in its unex- 
panded condition, the cells form a generally solid cylin- 
der containing lengthwise slots 15 which allow for ex- 
pansion. When expanded, these cells 20 are capable of 
expanding beyond their elastic limit. When this occurs, 
the cells take on a generally "diamond" shaped config- 
uration. The plurality of diamonds are contained about 
the entire circumference of the cylinder. 

When maintaining this configuration, however, as 
seen from Figure 3, there is in theory, no limit placed 
ring on the size of the expanded cylinder. Thus, the user 
of the device arguably can expand the cells well beyond 
their elastic limit. There is not the requisite "hoop" 
strength that will maintain the cells in a limited geometric 
opening. 

This is distinct from the device described in Figures 
4-6. Therein, there are also contained a plurality of ex- 
pandable cells 60. These cells are similarly arranged cir- 
cumferentially around the stent 50. However, as seen 
from Figure 4 and 5, there are contained "Z"-shaped D 
bridge sections 55 which are folded in their initial state 
about the generally cylindrical stent. The "Z"-shaped 
bridge may be oriented so that its legs 56 run either par- 
allel or perpendicular to the axis of stent 50. The con- 
necting leg 57 connects leg 56. When the stent 50 is 
expanded, these bridges 55 unfold within the slots 58 
forming cells 60 so that now, the expanded bridges are 
arranged circumf erentially about the cross section of the 
device. This forms a "ring" of metal in the expanded de- 
vice. The characteristics of this "ring" of metal as seen 
in Figure 6 are numerous. Because there is a ring of 
metal, it is much more difficult to expand the bridges cir- 
cumferentially beyond its elastic limit. Thus, there is in 
general a limiting dimension of the expanded ring. This 
limiting dimension thereby creates a limiting dimension 
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wherein when said cells expand, said bridge 
lengthens to a generally straight configuration, 
such that said straightened bridge forms an arc 
of a circle about said expanded cylindrical 
stent; and 

wherein there are a plurality of bridges ar- 
ranged circumferentially in said stent, and said 
straightened bridges forming a continuous ring 
around said stent cylinder. 



5. A stent comprising a plurality of expandable cells, 
and at least one of said cells having an expansion 
limiting bridge contained therein, said bridge caus- 
ing said cell to have a finite expansion limit in one 
is lateral dimension. 



on the expanded stent, which may be desirable in cer- 
tain instances. 

Also, however, there is now with this ring of metal a 
stronger cross section of material. Again, it may be de- 
sirable to provide an enhanced strength in the circum- 
ferential direction. The continuous ring of metal allows 
for such enhanced circumferential strength. 

As seen in Figures 7 and 8, the bridge sections 56 
may be contained at the end 90 of the stent 50, to form 
a ring of metal at the end of the stent 50. 

Thus, the device described herein is a mechanism 
which allows for an enhanced strength performance, as 
well as enhanced dimensional opening in a standard 
balloon expandable stent. Therefore, the invention as- 
sociated with this stent are to be derived the following 
claims and their equivalents. 



Claims 

1 . A stent comprising: 

a plurality of expandable cells, said cells ar- 
ranged circumferentially about said stent so 
that said stent when in an unexpanded condi- 
tion has a generally cylindrical construction; 
and 

said expandable cell containing at least one 
metal bridge in at least one of said circumfer- 
ential arrangement of said cells, said bridge in- 
itially arranged in a folded condition in said 
stent; and 

wherein when said cells expand, said bridge 
lengthens to a generally straight configuration, 
such that said straightened bridge forms an arc 
of a circle about said expanded cylindrical 
stent. 

2. The stent of claim 1 wherein there are a plurality of 
bridges arranged circumferentially in said stent, and 
said straightened bridges forming a continuous ring 
around said stent cylinder, 

3. The stent of claim 2 wherein said continuous ring is 
located at an longitudinal end of said stent cylinder. 

4. A stent comprising: 



6. A stent having a plurality of expandable cells, said 
cells when expanded forming a generally cylindrical 
configuration, having a circumference and a longi- 
20 tudinal length, said stent characterized by an ex- 
panded continuous ring located in at least one cir- 
cumference along said cylindrical length. 
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a plurality of expandable cells, said cells ar- 
ranged circumferentially about said stent so so 
that said stent when in an unexpanded condi- 
tion has a generally cylindrical construction; 
and 

said expandable cell containing at least one 
metal bridge in at least one of said circumfer- ss 
ential arrangement of said cells, said bridge in- 
itially arranged in a folded condition in said 
stent; and 
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FIG. 3 




FIG. 4 
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FIG. 5 
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